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Thé présent |nvtin ::elates to he prepara- 
iQn _of métal :carhide. More -particularly if i 
.c0ncr.n.ed with the préparation of tungsten or 
molybdenum carbides .of a controlled particle 
size. 
Itis known that finely divided métal powders 
can bé raade by pyrolysis of the vapors oÏ métal 
carbonyls in a heated space. If is also known 
that a metal carbide .sueh as tungsten carbide 
can be preparel by .the reaction of a mctal 
.ower .such as tungsten .powder with suitable 
.a:00nzing agents .such as carbon mono_ide, 
benzene and thé iike. 
I.n gCneral the prodN_cts obtaned by pyrolysis 
o the .vpoxs of .me£l .carbonFls are .extremely 
.fcly dividd materials having a purticle size 
ordirarfly less han a small .fraction of a micron. 
Thé pressent invention .has as its .principal 
0bJ.c.t .tllc prepal:ation o.f carbides of tungsten 
f ,a controlled particle size rnging from about 
 to 20 microns. A further object of thé in- 
vention .is to produce thé carbide of tungs£en 
of controlled .particle stze and of substantial 
purity and containing no free carbon. 
It has been discovered that thé above ob]ects 
can bé attained by a process which comprises 
subjecting solid purticles of tungsten carbonyl 
fo pyrolysis .and thereafter subjecting thé 
pyrolysis products to a balanced atmosphere 
capable of converting all or substantially all 
thereof fo thé desired tungsten carbide. 
When tungsten carbonyl vapor is inected inte 
a heated chamber at a température of from 650 
to il00 ° C. there is obtained a pyrolysis product 
in thé form of finely divided powders of tung- 
sten or tungsten carbides depending upon thé 
réaction conditions. Thé particle size of these 
powders as determined by examination with an 
électron 'microscope will bé ïound to bé from 
about /2 micron down to thé limit of résolution 
of thé instrument, thé bulk of thé material being 
only a small fraction of a micron in size. 
In accordance with thé présent invention, thé 
tungsten carbonyl in thé form of a finely divided 
solid material is introduced into a heated zone 
havlng a température ranging from 650 to 
1000 ° C. Further, in order to obtain a carbide 
product within thé range of from /2 to 20 mi- 
crons in diameter, thé métal carbonyl subjected 
to thé pyrolysts is selected to lve a particle 
size of at least approximately rive rinces that 
desired in thé final products. In other words 
in order fo obtain a carbide having a particle 
size ranging from 2 to 10 microns, if is necessary 
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to S_trt with "thé solid curhonyl having-a parti- 
clé size. ranging .fr0m about th fo /2 mm. 
For exumle, when tungsten crbonyl in he 
form of discrete crystalle particles within thé 
 rue of purticle sizes referred to hereinbefore 
 dropped or iected to thé heated pyrolysis 
chumber, thé pyrolysis product is OEod  bé 
 thé form of a wder of much larger purticle 
.size that that obtained by pyrolysis of  car- 
10 bonyl vp0r. e measured prticle size of car- 
bides prepred from tusten carbonyl crystuls 
o 1_. !n.size range from about 1 fo 20 mi- 
cr0 with  greater umount of the .materiul 
Çccurring in thé se range of about 4 to 10 
15 micro. When somewhat smaller crFstals of 
cb.onl were prolyzed under the saine condi- 
tion, thé average dimeion of these .crysals 
being from 0th to 0th mm., thé pyrnlysis prod- 
uct obtned was in thé particle size range 
 from about V2 to 8 microns with the bk of the 
material being in thé range oî from 2 to 4 
micro. 
e effect  température on thé size of thé 
pyrolysis products was not particularly notice- 
 able, at least within thé operating temperatures 
of from 650 to 1000  C. 
The apparatus employed in currying out .the 
présent invention should bé so constructed as 
to permit thé introduction of suitable gases to 
0 bé descbed more fully hereinafter and to pré- 
vent thé access of air or other oxidizing gases. 
Thé products obtained by pyrosis of thé solid 
tungsten carbonyl are ordinarily mixtures in- 
cludg some free metal, one or more metal car- 
 bides and in some cases a small amount of thé 
métal oxide. To obtain a substantially pure 
métal carbide of thé formula WC, for example, 
it is necessary to heat the pyrolysis products 
in an atmosphere adapt to convert these vari- 
40 ous components into thé desired carbide. Fur- 
ther, in order fo assure that thé finely divided 
tungsten produced by thé thermal décomposition 
of tungsten carbonyl wfll bé converted to thé 
desired carbide of tungsten, and that no free 
45 tungsten, free carbon, or tgsten oxide will bé 
in the product, it is necessu fo control thé 
temrature and the composition of the guseous 
atmosphere in thé réaction chamber during this 
treatment. 
50 For thé préparation of thé tgsten carbide, 
C, thé chemical réactions volved are: 
L W2COWCCO 
H. WCO3WOCO Ki 
55 I. 2COCCO2 Km 
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These reactions are all equtlibrlum reactions 
whose equilibrlum constants are known at various 
temperatures or can be calculated ai various tem- 
peratures. The temperature range of lnterest 
with regards to WC, for example, is from 800 ° C. 
fo 1850 ° C. In this temperature range, the com- 
pound WC is the thermodynamically stable form 
of tungsten carbide. Af temperatures outside 
this range the lower carbide, WC, is the stable 
form. 
The necessary conditions for achieving the ob- 
jectives enumerated above af any given tempera- 
ture for WC are: 
For carbide formation, (CO)/(CO). must be 
less than K. 
To avoid free carbon, (CO)/(CO)  must be 
greater than K. 
To avoid the formation (CO)/(CO) muet be 
greater than K of tungsten oxide. 
As an example of this, consider a system ai a 
temperature of, say, 1000 ° C. Ai this tempera- 
ture the value of K is calculated fo be 0.39, the 
value of Kzz is known to be 0.777, and the value of 
K is known to be 0.0083. It will be seen, there- 
fore, that a gas composition of four parts of car- 
bon monoxide and one part of carbon dioxide will 
æatisfy the requiriments of the inequalitieæ. 
With thii composition, the ratio (CO)Æ(CO) wil 
be 4, which is larger than Kz so that no tungsten 
oxide will be formed. The ratio (CO)/(CO)  
will be 0.0625. Since this value is smaller than 
.. the formation of WC will result. Since 
the value of 0.0625 is larger than the value of Kxz 
no free carbon should be formed. Thus it may 
be seen that the limits of gas composition will 
be deflned at a particular operating temperature 
by the magnitude of the equflibrium constants for 
he various possible reactions. 
Some representative values of the equflibrium 
constants at various temperatures are: 

Constant . Temperature, deg.. 
K ............................... f 12.6 I 1.995 I 0.39 ] 0.09 
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Employing the above information, the pyrolysis 
of tungsten carbonyl at 1000 ° C. in a gas composi- 
tion of four parts of carbon monoxide and one 
part of carbon dioxide wfll lead to the formation 
5 of tungsten carbide, WC, provided that suiïicient 
rime is allowed for complete reaction. 
If will be understood by those skilled in the art 
that such a manipulation of the gaseous atmos- 
phere is hot confined to a system comprising car- 
10 bon monoxide and dioxide. Other systems may 
be used, such as a system comprising hydrogen 
and methane balanced according to the appro- 
priate reaction equilibria, or a system comprising 
hydrogen and the oxides of carbon. 
15 Similar calculations are evident for treatment 
at temperatures other than those specifled above, 
or for the preparation of WC or the correspond- 
ing molybdenum carbides at the various tem- 
peratures favoring the formation of the desired 
2O carbide. 
What I claim as new and desire to secure by 
Letters Patent of the United States is: . 
1. The process of preparing tungsten carbide 
of a particle size from /e to 20 microns which 
25 comprises introducing into a heated zone at a 
temperature of 650 to 1100 ° C., solid particles of 
tungsten carbonyl of a particle size ranging about 
rive rimes that desired for the tungsten carbide 
product and subjecting the resultant pyrolysis 
3O products at a temperature in the range of 800- 
1600 ° C. to a gaseous atmosphere consisting of a 
mixture of carbon monoxide and carbon dioxide 
capable of converting all of the metal component 
thereof to tungsten carbide. 
35 2. The process of preparing tungsten carbide of 
a particle size from /2 to 20 microns which com- 
prises introducing into a heated zone at a tem- 
perature of 650 to 1100 ° C., solid particles of tung- 
sten carbonyl of a particle size about rive times 
40 that desired for the tungsten carbide product, 
and subjecting the resultant pyrolysis products 
at a temperature of 1000 ° C.. to a gaseous atmos- 
phere consisting of about four parts carbon 
monoxide and one part carbon dioxide capable of 
-- 45 converting all of the metal components thereoï 
to tungsten carbide. 
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